Objective: To document the prevalence of asymptomatic non-ulcerative genital tract infections (GTI) in a rural African cohort. Methods: The study population consisted of all adults aged 15-59 residing in 56 rural communities of Rakai District, southwest Uganda, enrolled in the Rakai STD Control for AIDS Prevention Study. Participants were interviewed about the occurrence of vaginal or urethral discharge and frequent or painful urination in the previous 6 months. Respondents were asked to provide blood and a first catch urine sample. Serum was tested for HIV-1. Urine was tested with ligase chain reaction (LCR) for N gonorrhoeae and C trachomatis. Women provided two self administered vaginal swabs; one for T vaginalis culture and the other for a Gram stained slide for bacterial vaginosis (BV) diagnosis. Results: A total of 12 827 men and women were enrolled. Among 5140 men providing specimens, 0.9% had gonorrhoea and 2.1% had chlamydia. Among 6356 women, 1.5% had gonorrhoea, 2.4% had chlamydia, 23.8% were infected with trichomonas and 50.9% had BV. 53% of men and 66% of women with gonorrhoea did not report genital discharge or dysuria at anytime within the previous 6 months. 92% of men and 76% of women with chlamydia and over 80% of women with trichomonas or BV were asymptomatic. The sensitivities of dysuria or urethral discharge for detection of infection with either gonorrhoea or chlamydia among men were only 21.4% and 9.8% respectively; similarly, among women the sensitivity of dysuria was 21.0% while that of vaginal discharge was 11.6%. For trichomonas or BV the sensitivity of dysuria was 11.7% and that of vaginal discharge was 10.5%.
Introduction
Sexually transmitted diseases (STDs) and other genital tract infections (GTIs) continue to cause significant morbidity and mortality throughout the world. In sub-Saharan Africa, limited economic resources and poor access to medical services have combined to result in STD rates estimated at up to 10 times those found in industrialised nations 1 and these infections may act as cofactors in HIV transmission. [2] [3] [4] The association between STDs and HIV is strongest for those infections that cause genital ulceration [5] [6] [7] but has also been demonstrated for infections such as gonorrhoea, chlamydia, and Trichomonas vaginalis. 8 9 Recent research suggests that bacterial vaginosis (BV), a common genital tract infection which in pregnant women has been linked to premature labour and low birth weight, may also be associated with HIV risk. 10 11 Despite the higher risk of HIV acquisition associated with ulcerative diseases, non-ulcerative genital tract infections may theoretically account for a larger proportion of STD associated HIV infection because of their greater prevalence. A corollary to the enhancing eVects of STD on HIV acquisition is evidence that HIV infection may in turn exacerbate STD infection and intensify STD transmission. 12 Most STD control programmes, particularly those based on the syndromic approach, rely on symptom recognition by an infected person who as a consequence seeks medical care. This approach has an inherent weakness in that many infected people either have no symptoms or symptoms so mild as to pass unnoticed. Individuals may also fail to recognise symptoms as manifestations of disease. In general, estimates of the relative magnitude of asymptomatic infections vary by disease and study population. Estimates of the proportion of women with gonorrhoea who are asymptomatic range from 25% among women attending acute care facilities to 80% of those referred to STD clinics as sexual partners of infected men. 13 14 A retrospective study of men seen at an inner city genitourinary clinic in the United Kingdom found that 10.2% of those with gonorrhoea had no symptoms. 15 It is believed that asymptomatic chlamydial infections are even more common with estimated rates among infected men ranging from 50% to 90% and more than 80% among infected women. [16] [17] [18] Estimates of asymptomatic Trichomonas vaginalis among women at STD clinics have ranged from 10% to 40%. 19 Bacterial vaginosis is thought to be the most prevalent cause of vaginal symptoms among women of childbearing age 20 yet, in one study 47% of women with BV attending an STD clinic were asymptomatic. 21 Findings from industrialised countries may not be applicable to the developing world. Studies of disease prevalence in Africa have been conducted primarily among people attending STD and antenatal clinics or commercial sex workers and their clients. Chlamydia or gonorrhoea were detected in 6.5% of pregnant women in Zaire 22 while rural Tanzanian women attending antenatal clinics also had high rates of asymptomatic infection. 23 It is not known to what degree prevalence rates among clinic attenders are representative of those in the general population. Partially as a result of the AIDS epidemic, more emphasis has been placed in recent years on the community prevalence of STDs. A recent study which used a combination of symptom assessment and screening for urinary leucocytes to select individuals for further evaluation documented a gonorrhoea and chlamydia prevalence of 2.2% and 0.7%, respectively, among rural Tanzanian men, the majority of whom had no symptoms. 24 The Rakai Project has implemented a community based intervention trial in rural Uganda to determine the eVect of intensive STD control, via mass treatment, on HIV transmission. As part of the preliminary phase of the study, an extensive door to door survey was conducted among all consenting adults in the study communities. Trained survey personnel collected interview data and biological specimens. In this paper we documented the prevalence of non-ulcerative GTI in the enrolled population and determined the association between laboratory evidence of infection and self reported symptoms of discharge and dysuria.
Methods
The eligible study population consisted of all adults aged 15-59 years residing in 56 rural communities of Rakai District, in southwest Uganda. After providing written informed consent, participants were interviewed in their homes. Information was collected about their knowledge of STDs and HIV and about measures taken to avoid transmission. Respondents were asked about the occurrence of STD symptoms, including vaginal or urethral discharge and frequent or painful urination, at any time within the preceding 6 months. Both men and women were then asked to provide venous blood and a first catch urine sample. Women were given two cotton Dacron swabs and instructed to insert them, one at a time, deeply into the vagina and gently rotate them for approximately 10 seconds. The interviewer used one swab to inoculate an InPouch TV trichomonas culture media kit (BioMed Diagnostics, San Jose, CA, USA) and rolled the other swab onto a microscope slide. The InPouch TV was incubated at 37°C then microscopically examined at 12, 24, and 48 hours to detect Trichomonas vaginalis. The InPouch TV test is over 99% sensitive for the diagnosis of Trichomonas vaginalis. 25 26 The slide was air dried, Gram stained, and microscopically examined. Diagnosis of bacterial vaginosis (BV) was determined according to a morphological scoring system 27 based on the proportions of lactobacilli relative to Gram negative anaerobes. Scores of 7-10 are classified as BV, based on reduced proportion or absence of lactobacilli and a predominance of Gram negative organisms (Gardnerella, Bacteroides, and Mobiluncus morphotypes). Urine samples were separated into 1 ml aliquots. Processed urine specimens were tested for Chlamydia trachomatis and Neisseria gonorrhoeae using ligase chain reaction (LCR) techniques (Abbott Laboratories, Abbott Park, IL, USA) at Johns Hopkins University. Urine based LCR testing for Chlamydia trachomatis and N gonorrhoeae has been shown to have sensitivity and specificity comparable with or higher than culture in both symptomatic and asymptomatic men and women.
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Results
The baseline survey for the STD Control for AIDS Prevention Study was begun in November 1994 and completed in July 1995. From a de facto population of 13 704 adults aged 15-59 resident for more than 6 months in the study communities and present at the time of survey, a total of 12 827 (93.6%) consented to interview. Compliance with specimen provision was high: 90.6% of those interviewed gave a blood sample, 94.4% gave urine, and 93.6% of women provided vaginal swabs. The prevalence rates reported here for trichomonas are based on the total enrolled population providing samples. As LCR examinations are currently expensive, we randomly selected a 30% subsample of urine specimens from both sexes for testing. Owing to the time consuming nature of microsopic examination of BV slides the data we here report on BV are based on the 80% of slides that have been read to date.
The majority of the study population belonged to the Baganda ethnic group. Agriculture and minor commerce were the predominant occupations reported by both men and women. For three quarters of participants the highest level of completed education was primary school, yet almost all respondents (99.7%) knew about AIDS and over 90% were able to name several STDs. The majority were sexually active: 76.8% of females and 78.1% of males reported engaging in sexual intercourse within the previous 12 months. Almost two thirds of respondents were either married or in a stable union. While over 95% of married people reported that their most recent sexual encounter was with their spouse, 8.7% of married men and 1.2% of married women reported having extramarital relations within the past year. Overall, 28.7% of men reported two or more sexual partners in the previous year compared with only 3.8% of women. Condom use was low with only 26.9% of men and 11.7% of women reported having ever used them. Although formal commercial sex work is rare in this predominantly rural population, 15.6% of females and 28.4% of males acknowledged giving or receiving money or gifts in exchange for sexual intercourse at least once in their lifetime.
Overall prevalence of GTIs was high and was higher among females than males (table 1) The frequency of symptoms among subjects with LCR proved gonorrhoea or chlamydia is shown in table 2. The proportion of asymptomatic infections was very high: 63% of the 51 study subjects infected with gonorrhoea and 82% of the 90 subjects with chlamydia reported no symptoms within the 6 months before interview. For both sexes, those with gonorrhoea tended to be more symptomatic than those with chlamydia. As shown in table 3, 81% of 2439 women with bacterial vaginosis and 80% of 1455 women with trichomonas were asymptomatic.
There were sex and infection specific diVerences in symptom reporting among those infected with gonorrhoea or chlamydia. A greater proportion of men with chlamydia (91.7%) were without symptoms of discharge or dysuria than women (76.0%). However, asymptomatic infection with gonorrhoea was less frequent in males than females (53.5% v 65.6%) (table 2) Among men, the sensitivity of dysuria as a means of identifying gonorrhoea or chlamydia was low for both infections but was roughly four times greater for those with gonorrhoea than for those with chlamydia: 40.0% for N gonorrhoeae compared with only 8.3% for C trachomatis, while the sensitivity of urethral discharge for N gonorrhoeae was 20.0% versus 5.6% for C trachomatis. The sensitivity of dysuria and vaginal discharge was also very low among women but, in contrast with men, there was little diVerence between women with chlamydia and those with gonorrhoea. Both for women with gonorrhoea and women with chlamydia, the sensitivity of dysuria was 22% to 24% while the sensitivity of vaginal discharge was only 11% (table 4) . Most algorithms for the syndromic diagnosis and treatment of STDs used in the developing world call for treatment of both C trachomatis and N gonorrhoeae when a patient has symptoms of dysuria and/or genital discharge. We therefore calculated the sensitivities of those symptoms for infection with either organism and found the sensitivity of dysuria and discharge among males in this population to be only 21.4% and 9.8%. Among females, the respective figures were 20.9% and 11.6%. In both sexes the positive predictive value of either dysuria or discharge for detection of either gonorrhoea or chlamydia was no higher than 8.2%.
Because symptoms and treatment of bacterial vaginosis and Trichomonas vaginalis are similar, we considered the two infections together. Sixty three per cent of women had either trichomonas or bacterial vaginosis on the day of interview, yet among 5135 women for whom we had information on both infections, only 10.5% reported vaginal discharge and 11.7% reported dysuria any time within the previous 6 months, neither of which was statistically diVerent from women who had no evidence of vaginal infection (table 3) However, because of the high prevalence of these infections the positive predictive value of dysuria and vaginal discharge was relatively high (65%). Respondents were asked about the occurrence of dyspareunia and pelvic pain, but on analysis neither of these additional symptoms was found to augment the sensitivity of discharge or dysuria for any of the infections studied.
Discussion
The cornerstone of STD control is treatment of infected people both to cure the index case and to prevent further disease transmission. In the developing world, laboratory resources are scarce and, therefore, for the most part, treatment is based on syndromic diagnosis. Previous clinic based evaluations of the efficacy of syndromic treatment algorithms have shown that the sensitivity of symptoms of discharge and/or dysuria to determine infection with non-ulcerative GTI is poor. 22 23 This study has shown that their utility is even lower among the general population. The ability of LCR to detect C trachomatis and N gonorrhoeae in urine samples and the use of self administered vaginal swabs for the diagnosis of T vaginalis and bacterial vaginosis obviated the need for genital and pelvic examinations and thus allowed collection of biological specimens in the subjects' homes. We achieved high rates of participation and, because entire communities were enrolled, the study cohort was representative of the population at large and not limited by self selection of those who attend clinics. This high compliance and avoidance of selective participation coupled with highly sensitive and specific diagnostic techniques enabled us to document community infection prevalence rates and to compare these with population based symptom reporting.
We found that reliance on reported symptoms alone to detect infection in this population would have missed 80% of men and 72% of women with either gonorrhoea or chlamydia, and over 80% of women with trichomonas or BV. This was a point prevalence survey and we recognise the possibility of overrepresentation of asymptomatic infections as people with symptoms are more likely to seek treatment and thus not be detected by the survey. Data from this cohort reveals that 40% of people with symptoms do not seek treatment at all and that of those who do, only two thirds go to locations such as government or private clinics and health centres where they might receive eVective therapy. It is also possible that some of the infected people in this survey were in an early, presymptomatic stage. However, because the diagnostic techniques used identify infections at all stages of disease the majority of infected people were presumably at stages where they might be expected to have already experienced symptoms. In this study we matched laboratory evidence of infection to symptoms occurring at any time in the previous 6 months. If we had restricted symptom reporting to a shorter period around the time of sample collection, the proportion reporting symptoms would have been even lower and the proportion of asymptomatic infections correspondingly higher. In addition, the low rates of reported symptoms occurred despite detailed interview. Presumably, the proportion of infected people who would have self identified and thus sought treatment would have been even lower without probing by the interviewer.
There were people who reported symptoms yet had no evidence of infection and it is probable that many of these symptoms were caused by disease processes other than those investigated. Alternatively, some people may have been infected and symptomatic with one of the GTIs of interest during the 6 month symptom recall period, yet because they were no longer infected on the day of interview, we were unable to confirm that the reported symptom had been associated with infection. For those with infections diagnosed at the time of interview, maximising the reporting period increased the likelihood of eliciting a symptom and thereby increased the apparent sensitivity of that symptom. However, the unavoidable inclusion of an unknown proportion of people who may in the past have been both infected and symptomatic may have decreased the apparent specificity and thus the positive predictive value of that symptom.
There are several possible explanations for the low symptom reporting among infected people in this population. Biological factors such as the strain of infecting organisms or the infection load may influence the severity of symptoms. 32 Infection load may in turn be related to the duration of infection and, in settings where infection is highly endemic, one would expect a higher proportion of prevalent as opposed to incident infection. If prevalent infections are indeed associated with fewer symptoms then populations such as this one would tend to have more asymptomatic infections than those with lower disease prevalence. Alternatively, social or cultural factors may lead to the perception of symptoms of infection as "normal". 33 34 Finally, infections may be genuinely and frequently asymptomatic. The practical implication is that if an infected person does not have symptoms or perceives these symptoms as unimportant such a person is unlikely to seek treatment or to reduce his or her sexual activity. Thus, the persistence of unrecognised infection makes it difficult to interrupt transmission and to reduce exposure in a population.
The population represented by this cohort is typical of those found in many parts of rural sub-Saharan Africa. After more than a decade of intensive health education campaigns most respondents are knowledgeable about AIDS and STDs yet use of condoms to prevent infection is low and access to medical services poor. Although few people report engaging in high risk activities such as commercial sex, most adults are sexually active and many have concurrent or overlapping sexual partnerships. This combination of factors has promoted and maintained high levels of infection. Untreated asymptomatic infections have been linked to numerous sequelae including pelvic inflammatory disease, infertility, and potentially to HIV transmission. This latter possibility in particular is of great public health importance. In Tanzania, a community based trial of improved STD syndromic treatment that targeted asymptomatic infections in only a very limited manner via screening for urinary leucocytes nevertheless demonstrated a 38% reduction in HIV incidence in the intervention arm. This occurred despite minimal STD eVects. 35 It has been suggested that asymptomatic infections may not be as strong a cofactor in HIV transmission, presumably because of less inflammation and lowered HIV viral shedding. It is not known whether or to what extent the transmission likelihood of asymptomatic STD infections diVers from that of symptomatic ones and their relative importance in disease deserves further investigation. However, because asymptomatic infections constitute the vast majority of infections in this cohort, it is possible that they may be responsible for much STD transmission and may thus be a substantial barrier to STD control. To have the greatest impact on transmission we must move beyond reliance on syndromic treatment alone and investigate more novel approaches that also target asymptomatic infections.
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